Abstract. Aware on the importance of upgrading and maintaining the safety level of existing road network, several attempts on localizing problematic road areas have been made. In current practice, the identification of those problematic sections was recognized based on the road's safety level using crash data of the particular road network. However, the information provided by crash data is far from providing good and broad pictures of the factors leading to crash. These circumstances have bringing out the needs to have another road safety indicator that can extensively describes actual situations at problematic road areas as well as can be used as a basis for further maintenance works. By focusing on the environment aspect of the roads, fourteen road environment indicators were chosen based on their abilities to portrayed current road environment conditions and its potential in triggering road traffic crashes. Data of these indicators were collected by means of naturalistic driving method within 80 km length road of Federal Road 2 connecting Kuantan and Maran Town in Pahang State. Composite road environment risk index was developed using these data where combination of risk generated from these environments aspects were evaluated and used in localizing problematic road sections. The development of composite road environment risk index as a proactive method in defining poor sections has proved to be very useful in identifications of problematic road sections requiring urgent road improvement works especially when crash data is not available or in poor quality.
Introduction
Traffic crash statistics such as crash frequencies, crash severities, number of fatalities and amount of material damages are common types of road safety indicators that are acceptable worldwide. These indicators have been used for so many years to reflect the safety status of a country, states and the road itself. However, in recent years, there have been arguments between road safety experts on the accuracy and reliability of these indicators in explaining the whole situation of crash. [1, 2, 3] .
Using crash data in the determination of road safety status can be categorized as reactive measures. Reactive measures are defined as an improvement made to the road as a reaction to crash [4] in an attempt to reduce the re-occurrences of crashes in the future. Proactive measure, on the other hand, is identified as a collision prevention approach that tries to prevent unsafe road conditions from occurring [5] . Most basic procedure of reactive actions is generally based on crash data of the road since this data has numerous crash information such as location of crash (by kilometer of the road) and time of crash (time, day and month).
However, after having been used for years, the quality and reputation of the crash statistics as road safety indicator starts to fall apart as it appeared to mistakenly identify crash locations [6] by miscalculating the number of crash [7] in certain cases. These situations have been an alarming call for the road safety experts to come out with alternative procedures especially in evaluation of problematic road section which may lead to further works in road safety field.
Therefore, this paper intends to address this issue by comparing the results of two very different methods in locating the problematic road section which is the crash data (reactive measure) and composite index method (proactive measure). The used of composite index method to locate problematic road section is actually very new yet reliable especially in terms of the un-biased results produces from the index.
Literature Review
Crash statistics have been widely known for its usefulness in defining road safety status for almost every level of jurisdictions; from countries down to the road sections itself. Most of the statistics were in terms of final outcome information using registered accident data, for example 'the number of killed and injured persons' [8] . However, the usage of these type of statistics namely number of total crash, number of fatalities as well as other road safety indicators such as vehicle kilometer travel have received lots of attention from various road safety experts arguing its ability in defining true factors influencing the crash [2, 9] . According to [3] the reality of traffic safety in its broad sense cannot only be captured by simple statistical indicators of rates of casualties and fatalities. Nevertheless, crash statistics were still been widely used in most countries since there are no better system that can act as road safety indicator in defining roads safety level.
In an attempt to overcome this issue, many researches on road safety performance were conducted worldwide. Many had successfully developed system that are well-accepted by the authorities to be used as a guideline in road improvements works as well as a foundation to the developments of the new traffic regulations [10, 11] Realizing the needs to combine as much information as possible from current road conditions in mitigating correct crash factors, a concept of composite index was introduced. Here, each indicator developed from the targeted road aspect was given specific weight and later these indicators were combined to produce single value which will represent the road safety status for the selected area. Most of the earliest studies on road's composite index were centered on indicating the severity of countries road safety situations [9] , developing a standard procedure for safety comparisons between countries [12] and evaluating countries' performance based on several crucial crash factors [1] .
However, since the evaluations of the countries safety status is greatly depends on the performance of the road network itself, this paper aims to explore the suitability of using composite index method in locating problematic road sections by comparing the results obtained from the composite index method with results from crash data.
Research Methodology
Crashes data supplied by the Malaysian Royal Police Force, Traffic Unit via Malaysia Institute of Road Safety Research (MIROS) has been the primary source of crash record for 80 km length road from Kuantan to Maran via Federal Road 2. The first phase of collecting road environment data was completed using drive-through method. The recording sessions of the road environment conditions from the whole driving period have been brought back to laboratory where transcription processes took place. To ease for data transcription process, the whole 80 km length road was segregated into 160 sections having similar length (500 m for each section). At the end of the process, a complete road environment dataset for the whole 160 sections was produced. In this research, 14 initial indicators were chosen to portray various road environment aspects that possibly produced instant risks towards car drivers during driving period. Since road environment were comprised of several important factors, identification of specific indicators that represents these factors is crucial.
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A data reduction technique called principal component analysis was applied to cluster the road environment indicators in several groups hence determined the characteristics of each group. The development of composite index is generally adopting summation of weighted sum method. In this method, the weight of each indicator is multiplied to the scaled score for each indicator before summing all indicators for each road section. The summation of all indicators for each section will be acknowledged as the composite index value of each section. This value will represent the risk produces from road's environment aspects that would collectively jeopardize the safety level of the section.
Results and Discussions
The study area has recorded 454 numbers of crashes for year 2010 and 2011 alone. From the 454 numbers of crashes, 315 crashes occurred during day time (0700 -1900 hours) and 139 crashes occurred during nighttime (between 0000 -0700 hours and 1900 -2400 hours) with the highest number of crashes, 171 crashes occurred between 1200 and 1800 hours. However, by grouping the 24-hours period in accordance to peak hours and non-peak hours' time, the period between 1630 hours and 2130 hours was seems to be the most dangerous travelling period with 135 crashes occurred within 5 hours or 27 cases/hour. Crash data determine road section's safety status by categorizing road sections based on numbers of crashes and crash type. Sections having the lowest safety status are defined as black spot identified as locations having at least 3 similar types of crashes or at least 5 different types of crashes occurred within 50 m radius in the period of 3 years (Public Work Department, Malaysia). On the other hand, composite index identified road section's safety status in terms of the risks generated from selected road environment attributes representing current road's environment conditions. Risky road sections were identified as having high composite index hence low safety status and vice versa.
Based on the results from principal component analysis (PCA), the road environment risk factors for Federal Road 2 were identified as infrastructure environment risk factor (denotes as composite index 1) and road operational environment risk factor (denotes as composite index 2). Figure 1 and 2 below shows the composite index value (y-axis) of each road section (x-axis) within the study area for both factors. Road infrastructures were built with an aim to ease the traffic operational however there are several conditions where existence of certain infrastructures may also be the source of risk towards road users. Road median for example is generally built to separate the opposing traffic but in certain conditions, an existence of median could increase the level of severity when the vehicles especially lighter vehicles such as motorcycles and bicycles collided with the raised concrete median and overturned. Operational environment on the other hand is basically deal with the way the traffic is operated and managed. The road operational environment risk factor were concluded to have been
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mainly influenced by number of motorcycles, number of heavy vehicles and number of pedestrians travelling/walking in each section. Apart from that, the number of crashes (y-axis) for each road section (x-axis) within the study area was also tabulated in below Figure 3 . To further confirm on the correlation between composite index from both factors and the crash data, a statistical method of Spearman's rank-order correlation coefficient method was carried out. The results from Spearman's analysis would identify which road environment factor is the most crucial factor in this road. Results from the Spearman Rank-Order-Correlations shows that operational environment factor (composite index 2) has an acceptable degree of correlation with the total numbers of crashes by having a correlation coefficient value of 0.574 (r=0.574, p-value = 0.0001). The result indicates that risk produced from operational environment factor has significant contribution towards crash occurrences in this study area.
Apart from that, comparisons between composite index value generated from operational environment factor and crash data was also been made. In doing this, each road section would have their own set of crash data and composite index value. The discussion will support the arguments on the ability of the composite index as supplementary method in proactively evaluates road section's safety status. To aid for prolific discussions, below Figure 4 is referred. The figure illustrates the road section's safety status generates from crash data and composite index value (y-axis) for the whole section of the study area (x-axis). Illustrations of composite index 2 value (operational environment risk factor) and number of cases trend line as shown in Figure 4 were done to demonstrate the similarity in terms of risk (high number of crash and high composite value) for each section. The figure demonstrates that based on the crash data alone, section 4 is the riskiest sections along the study area with 29 numbers of crashes. On the other hand, by referring to composite index value alone, section 13 is identified as the riskiest sections with composite index value of 3.474. However, by referring to both values (composite index and crash data) for these two sections (composite index value for section 4 = 2.6211, number of crashes at section 13 = 20 crash cases), it was concluded that both methods agreed that these two sections were hazardous and produced great risk to road users. Figure 5 below shows an image of one spot within section 4.
348
Modern Civil Engineering in Trend of the Sustainable Infrastructure Development 29 numbers of crashes per 500 meter length or about 3 crashes in every 50m was very upsetting and it was no doubt that by according to the crash data this section was very dangerous and hazardous. On top of that, judging from the view as in above figure and at this traffic direction, it was observed that there are several road environment attributes that could possibly generate great risks towards car drivers. 2 accesses on the left hand side and 1 signalized intersection with u-turn on the right hand side of the roads could cause major implications on the through traffic where they have to deal with vehicles exiting and joining the roadway, stops at traffic lights changing lanes and making u-turn.
Besides that, drivers have to be alert on the pedestrians crossing the roads to/from the residential areas located on the right hand side of the roads (in red circle) and the shopping complex located on the left hand side of the roads, motorcycles coming from nearby school, residential areas and shopping complex and also buses who stops at the bus-stop located on the left side of the roads (in yellow circle). Combinations of all these movements resulted to a dangerous and risky road area where the likelihood of crashes occurrences especially to vulnerable road users was high. This outcome is consistent with findings made by [13] who suggested that the share of crashes close to place of residence was likely to be higher among pedestrians and bicyclists than among motor vehicle occupants.
Moreover, since the area is densely concentrated with business activities and residential areas at both sides of road, the risk in this area was most probably generated by short-distance road users where they usually used a more prevalent type of vehicles other than the car and drives at lower driving speeds than the long distance road users [13] . Therefore, based on the composite road environment risk index point of view, this area of road is definitely very risky based on below judgments:
• The developments located at both side of the road are very high thus producing high number of non-signalized accesses. Furthermore, having non signalized access and signalized intersection located very near to each other are not appropriate and could produce high risk.
• There is no exclusive lane for motorcycles travelling to/from the residential areas, school and the shopping areas.
• No pedestrian crossing facilities.
• No appropriate road signage to guide/warn the road users on the traffic movements within this area.
• Existence of several non-traversable objects such as trees was found on the roadside and on the median area.
Above discussions have successfully demonstrate that both crash data and composite index method is reliable in locating the problematic road section. However, using composite index method, true picture of the problematic locations could be further explored where the main problem of the road sections could be directly pointed out. This will lead to a more comprehensive road improvement program since the correct problem on site is readily available.
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Conclusions
Although crash data can still be used in locating problematic road section, using the composite index value calculated for each road section, risky road environment indicators were correctly identified in a short period of time. This is definitely a time saving and cost saving method as it doesn't required number of working trips to the problematic road areas. Similarly, time allocated to do interviews session with local people and brain storming sessions in identifications of problematic and risky road aspects could be eliminated. Moreover, correct countermeasure could be done on correct locations targeting at correct factor and indicators.
